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Question (4 

a) Describe with simple drawings the construction and the principle of 
operation for induction motor. 

b) Draw the speed torque characteristics for 3 -phase induction motor 
and list its advantages. 

C) A 3 -phase induction motor its wound for 4-poles and is supplied 
from a 50 Hz system. Calculate (i) synchronous speed 
(ii) speed of rotor when slip is 4% 
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a) Draw the power stages (diagram) for d.c generator and d.c motor 

b) A 30 kw, 300V, d.c shunt generator has armature and field 
resistances oi 0.05 Oand 100 Q respectively. Calculate the total power 
developed by the armature when delivers full output power. 

c) A 440 shunt motor has an armature resistance of 0.08 Q and field 
resistance of 200 Q. Determine the back e.m.f when giving an output 
of 7.46 kw at 85% efficiency. 

Question (2) 

a) show that the E.M.F equation of the transfonner is 

£, = 4.44/JV { <j> m 
E 2 = 4.44/7V 2 0 m 


b) A 300 KVA transformer has core losses of 1.5 kw and full load 
copper loss of 4.5 kw. Calculate its efficiency for 75% and 125% 
of full load output at unity power factor. 

c) A 100 KVA lighting transformer has a full load loss of 3 kw, the 
losses equally divided between iron and copper. During a day, the 
transformer operates on full-load for 3 hours, one half load for 4 
hours, the output being negligible for the reminder of the day, 
calculate the all-day efficiency. 

Question (3 

a- Describe with simple drawings the construction and the principle 
of operation for synchronous generator (alternator). 

b- Draw the phasor diagrams of a loaded alternator for unity and lag 
power factor. 

c- A 500 KVA, 1100V, 50 Hz, Y connected, 3phase alternator has 
armature resistance /phase of 0.1 12 and synchronous 

reactance/phase of 1.5 12. Find its voltage regulation for unity 
power factor. 
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°C. The rod is exposed to an environment at 16 °C. The convective heat transfer coefficient is 15 
W/m 2 .°C. If the thermal conductivity of aluminum is 200 W/m,K. Calculate the heat loss by the 
rod, (8 Marks) 

Problem number (31 (18 Marksl 

a) A furnace is shaped like a long equilateral triangular duct which its each side width is lm. The 
base surface has an emissivity of 0.7 and is maintained at a uniform temperature of 600 K. The 
heated left side surface is closely approximated as a black surface at 1000 K. The right side 
surface is well insulated. Determine the rate at which energy must be supplied to the heated side 
externally per unit length of the duct in order to maintain these operating conditions. (12 Marks) 

b) A horizontal pipe 15 cm in diameter and 4 m long is buried in the earth at a depth of 20 cm. The 
pipe wall temperature is 70 °C, and the earth surface temperature is 5 °C. Assuming that the 
thermal conductivity of the earth is 0.8 W/m. °C. Calculate heat lost by the pipe. (6 Marks) 

Problem number (41 (20 Marks) 

a) What is meant by a lumped capacity? What are the physical assumptions necessary for a lumped- 

capacity unsteady-state analysis to apply? (4 Marks) 

b) Define the Biot and Fourier numbers. (4 Marks) 

c) A cube of aluminium 10 cm on each side is initially at a temperature of 300 °C and is immersed 

in a fluid at 100 °C. The heat transfer coefficient is 900 W/m 2 . °C. Calculate the temperature at 
the center of one face after 1 min, and the heat loss for the cube. (12 Marks) 

Problem number (5) (20 Marks) 

a) Define irradiation and radiosity. (4 Marks) 

b) What is a black body? (4 Marks) 

c) A mercury- in-class thermometer having e =0.9 hangs in a metal building and indicates a 
temperature ot 20 °C. The walls of the building are poorly 5 °C. The value of h for the 


thermometer may be taken as 8.3 W/m 2 . °C. Calculate the true air temperature. 


(12 Marks) 
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Problem number fit 


(1.8 Marks) 


a) Heat is uniformly generated inside a hollow circular cylinder by the rate of qv (W/m 3 ). The 
cylinder has an inner radius Rl, outer radius R2, thermal conductivity k and enough long length 
such that all of the generated heat is considered to diffuse in the radial direction. The outer 
surface of the cylinder is perfectly insulated while the inner surface is always under a uniform 
temperature Twl due to presence of fluid flow inside the cylinder. Starting from the genera 
equation of heat conduction in cylindrical coordinates: 


a 2 T 1 dT 
dr 1 + r~dr 


] a^T q, 

/ao 2 + dz 2 + k 


2_aT 

a dx 


Deduce an expression for the temperature distribution inside the wall of the cylinder and show that 
the maximum temperature inside the wall is expressed as the following: 


T = T 

max 4 ft 


q v R 


4k 


1- 


R, 


^ R i ) 


2k 


R i j 


(9 Marks) 

b) The suction line of a refrigerator carries a refrigerant at -20 °C and surrounded by air at 20 °C, the 
pipe line is made of a steel tube of 50 mm inner diameter, 5 mm wall thickness and thermal 
conductivity of 58 W/m.K. If the inside and outside convective heat transfer coefficient is 2300 
and 6 W/m 2 .k respectively and kins = 0.042 W/m.K, calculate: 

a) The thickness of insulation which prevent water vapor to be condensed at the outer side, 
considering that the dew point of air is 1 5 °C. 

b) The rate of heat transfer from air to the pipe per unit length. (9 Marks) 

Problem number (2) (14 Marks! 

a) What are the thermal contact resistance, critical radius of insulation, superinsulation, and fin 

effectiveness? (6 Marks) 

b) An aluminum rod of 2.5 cm diameter and 1 5 cm long is protrudes from a wall maintained at 260 


P.T.O. 
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1.12) The zone through which a gradual transition from laminar to 
turbulent zones occurs in case of turbulent flow through pipes. 

1.13) The zone, which is reached at about the same point for both 
uniform sand grain roughness and commercial roughness. 

1.14) One-dimensional, fully developed laminar flow without body 
forces between two parallel flat plates, one of which is at rest and 
the other is moving parallel to the fixed plate . 

1.15) The length of a pipe in which the velocity profile is developing. 

1.16) Flow of a compressible fluid with a Mach number between 0.8 
and 1.2. 

1.17 ) A model testing standard equipment for the design of aircrafts. 

1.18) A model, which does not have complete geometrical similarity 
with the prototype. 

1.19) A dimensional analysis method that is applied when a small 
number of variables are involved. 

1 .20) A type of similarity taking place when geometric, kinematic and 
dynamic similarities are coexisting between the prototype and its 
scale model. 

2) For the steady flow of viscous incompressible fluid between two 

parallel fixed flat plates, the Navier-Stokes equations combined 

with the continuity equation are reduced to 

dp 

dx 


d 1 u 

M —. r = ~ 


dy 4 * * 

where u = u (y) is the flow velocity component in x-direction that is 
a function of y only. Find relations for the followings: 
a) velocity distribution, b) maximum velocity, c) average velocity, 
d) pressure gradient, e) wall shear stress, 

f) skin friction coefficient. (20 Marks) 

3) The mean velocity in a 30.5 cm diameter pipe line is 3 m/s. The 

relative roughness of the pipe is 0.002 and the kinematic viscosity 
of water is 9.1 5x10 7 m 2 * /s. Determine the friction factor, the 
frictional velocity, the wall shear stress, the center line velocity, 
the thickness of the laminar sub-layer, the velocity and the shear 
stress at 5 cm from the pipe wall and the head lost in 300 m length 
of this pipe. (15 Marks) 

4) The force (F) on the propeller of an aircraft depends upon the 

forward speed of the aircraft (U), the density of air (p), the viscosity 
of air (p), diameter of the propeller (D), and the speed of rotation of 
the propeller (N). Express (F) in terms of dimensionless groups 
using the Buckingham n- method. (15 Marks) 


5) A model of ship of 1/12 size is tested in fresh water for the 
prediction of its performance. Find the ratio of speed of the model 
to the speed of the prototype operating in sea water for geometrical 
similar free surface condition. Also calculate the ratio of h.p. of the 
model with that of prototype. 

Assume the specific weight of fresh water as 1000 kg/m 3 and that of 
sea water 1030 kg/m 3 . 

(10 Marks) 

6) A gas with a molar mass of 4 and a specific heat ratio of 1.3 flows 
through a variable area duct At some point in the flow , the velocity 
is 150 m/s, the pressure is 100 kPa and the temperature is 15°C. 
Find the Mach number at this point in the flow. At some other point 
in the flow the temperature is found to be -10°C. Find the Mach 
number, pressure, and velocity at this second point in the flow 
assuming the flow to be isentropic, steady and one-dimensional. 

(10 Marks) 
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Please, answer the following Questions: (Total Marks 90) 


1 ) c Wd mtifo die falkmna statement as true arfake with correcting the fake par te 

(10 Marks) 


1.1) The eddy viscosi*"' is a property of the fluid, while the dynamic 
viscosity is a propc.iy of the flow. 

1.2) The mixing length in a turbulent flow is a local function and 
depends on the velocity distribution in the neighborhood of a 
particular point 

1.3) The kinematic viscosity in turbulent flow through a pipe is 
proportional to the frictional velocity and consequently the mean 
axial velocity gradient 

1 .4) The internal surface roughness for turbulent flow through pipes 
is higher than sixfold the laminar sub-layer thickness in case of 

smooth pipes. ' . 

1 5) The ratio of the mean flow velocity to the maximum velocity for 
turbulent flow in a smooth or rough pipe depends only on the 
Darcy friction coefficient 

1.6) Hagen-Poiseuille flow is one-dimensional, fully developed laminar 
flow without body forces between two f’\od parallel flat plates. 

1.7) in turbulent flow through a pipe, the shearing stress in the 
laminar sub-layer is linear, while that in the turbulent core is 
constant 

1.8) Undistorted model is the model which is dynamically similar to 
the prototype. 

1 .9) The repeating variables in Buckingham 7r-theorem should be such 
that none of them is dimensionless. 

1.10) Kinematic similarity is said to exist between the model and the 
prototype, if both of them have identical forces. 

GCve^ a/ e &cfoof: 

(10 Ma-ks) 

1.11) The concept which states that the apparent shaar stress is 
directly proportional to the velocity gradient and the constant of 
proportionality is the eddy viscosity. 


I0,ln EDM, better surface finish is obtained at: 

a. low discharge frequency and low current intensity 

b. low discharge frequency and high current intensity 

c. high discharge frequency and low current intensity 

d. high discharge frequency and high current intensity 


Q 3: 

a- Differentiate between the following: 

i. SMAW and SAW 

ii. GMAW and GTAW. 





b- List the all information given in the shown weld symbol. Draw the weld 


joint based on this information. 


(6+6+3= 15 marks) 



c- Give short notes about the term “weldability*’ and the factors affecting on. 


Q4: (3*6 =18 marks) 

a- Different iat between hot and cold chamber die casting in terms of: principle, applications, advantages and 
disadvantages. 

b- A sample of foundry sand weighs 50 g was dried for 15 min at 100°C and the clay is separated after that. 
The weights after drying and after clay separation were 48 g and 44.5 g respectively. 

I Find the moisture and the clay content. 

ii. Using the chart shown below, estimate the compressive strength of this sand mixture. 

c- A 10 cm copper ring was made by centrifugal casting with 15 outside diameter and 12 inside diameter 
and a G- factor of 70. Determine the necessary rotational speed (rpmT the centrifugal forc e (N) exerted on 
mold walls by the molten metal, and the required amount of molten metal (cm 3 ) to be poured. 


Q5: In ECM process (3+3+6= 12 marks) 

a. Explain with the aid of sketches the principle of the process. 

b. Considering the efficiency of the electrical circuit, derive a relationship to calculate the tool feed rate. 

c. Given the information below, calculate; the amount of Ti remove d in grams, the required feed rate and the 
expected gap thickness . 


Atomic weight of Ti 

M~ 47.9 g / mol 

Valance 

n = 4 

Density of Ti 

4.56 g / cm 3 

Machining time 

f = 2 min 

Current density 

250 Amp / cm 2 

Tool area 

12 cm 2 

Gap voltage 

12 V 

Faraday’s constant 

96500 Coulomb 

Electrolyte resistivity 

4 n ■ cm 
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Answer all the following questions. The neat sketches are considered a part of your answer 

Ql: State which of the following statements is true ( J ) and which is false ( * ): (10 marks) 


1 . Pattern making is an essential step in all casting processes. 

2. In friction welding processes neither filler metals nor external heat sources are required. 

3. Slag inclusion is a common defect in TIG welding. 

4. Qualification of welders guarantees defect-free welds. 

5. In USM, as the hardness of workpiece material increases, the rate of tool wear increases. 


Q2: Select only the most correct answer 


(20 marks) 


I * The strength of molding green sand can be improved by using: 

a* Sand grains with uniform size and angular shape. e, a and d above, 

b. Sand grains with non-uniform size and angular shape. f b and d above, 

c. Sand grains with uniform size and round shape, g. c and d above 

d. Excessive amount of bentonite. 

VH 

2. 1 he time t in the permeability relationship, P = — , represents the time necessary for: 

pat 

(Sand sample preparation Escaping of air through the sand sample - Stabilizing the manometer pressure 
- Filling the air tank) 

3. In sand casting, sand inclusion defects are mainly caused by (lack of feeding - moisture in sand - 
turbulence flow of molten metal - low permeability of sand). 

4. The geometrical module of a casting: 

a. Is the surface area of casting to its volume ratio. 

b. Is the volume of casting to its surface area ratio. 

c. Should be greater than that of feeder. 

d. a and c above. 

e. b and c above. 

5. Of fusion welding processes ( SAW, TIG, and RSW - MIG, friction welding, and brazing - MIG, 
friction stir welding, and brazing - SMAW, forge welding, and soldering). 

6. The approximate oxy -acetylene flame temperature is (32G0°C - 250G°C - 5000°C - 25QOK), 

7. Aluminum sheets are best welded by (resistance - shielded metal arc - submerged arc -TIG) welding. 

8. Of the welding defects that can be determined by visual examination (subsurface cracks - internal 
porosity insufficient weld metal - internal slag inclusions), 

9. The main process parameters in WJM do not include (nozzle diameter - standoff distance - stream 
velocity - grit size of abrasives) 
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